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Even though the structure of ESCRT-II does not yield
any definitive mechanism of function for this complex
in protein sorting, it does provide testable models for
how ESCRT-II may interact with cargo, membranes, and
with other ESCRTs. While we are still awaiting the deter-
mination of the structures of ESCRT-I and ESCRT-III, the
ESCRT-II structure will serve as an excellent template for
the further design of biochemical and cell biological
experiments that will contribute to the determination of
the molecular mechanisms of lysosomal protein sorting.
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than being a homogeneous mixture of lipids and pro-Caveolae Meet Endosomes:
teins, the plasma membrane is a mosaic of distinct do-A Stable Relationship? mains, each with specialized functions and specific dy-
namics. Caveolae are distinct surface features that lack
readily identifiable coat proteins as seen by electron
microscopy but, like clathrin-coated pits, appear as
deeply invaginated pits in the plasma membrane. Rather
than being covered in a layer of coat proteins and acces-
The endocytic trafficking of caveolae has been the sory proteins, the major marker protein of caveolae,
subject of some controversy for many years. A new caveolin-1, is an oligomeric integral membrane protein
study (Pelkmans et al.) shows that budded caveolae that binds cholesterol. Expression of caveolin-1 in a cell
can interact with both the caveosome and the early lacking caveolae is sufficient for caveolae formation,
endosome and that caveolin-enriched regions of the and ablation of caveolin-1 expression causes loss of
early endosomal membrane form unusually stable do- caveolae. However, the exact functions of caveolae
mains that can incorporate cargo in a regulated have proved elusive. An attractive theory has been that
manner. caveolae are the entry portal in an alternative endocytic
pathway, but the idea has been controversial (Parton
and Richards, 2003). A study in Cell (Pelkmans et al.,
The plasma membrane of mammalian cells forms a 2004) sheds new light on the trafficking of caveolae
between the cell surface and endocytic compartmentshighly dynamic interface with the external milieu. Rather
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and has started to provide fundamental insights into were virtually immobile. In contrast, CTB only transiently
colocalized with caveolin, immediately after delivery tothe features of caveolin-enriched domains. Rather than
short-lived transport intermediates rapidly assembled the endosome, and showed unrestricted mobility in the
endosomal membrane. How can the restricted mobilityin response to the cargo, these studies show a high
degree of stability of caveolin-enriched domains and of SV40 and the relative mobility of cholera toxin be
explained and can the different behavior of the twoelegantly demonstrate regulated lateral movement of
cargo complexes from these domains. The results have cargo complexes explain sorting to different postendo-
somal/postcaveosome compartments? This was ad-implications for understanding the complex mecha-
nisms underlying cargo segregation and selective trans- dressed in two sets of experiments. First, it was shown
that caveolin is required for the immobilization of SV40port between the membrane bound compartments of
eukaryotic cells. in the endosome. Therefore, caveolar domains in the
endosome contribute to virus sorting. Second, the au-Pelkmans et al. set out to investigate the trafficking
of fluorescently labeled caveolin and caveolar markers thors showed that the relatively high mobility of the
cholera toxin binding subunit was dependent on the lowwith respect to defined endocytic markers, in particular
making use of the well-characterized small GTPase, pH of the endosome. Neutralization of the endosomal
pH trapped the CTB in the caveolar domain. This re-Rab5, which regulates trafficking between the cell sur-
face and endosomes. Two markers were used to study duced Golgi accumulation, suggesting that the low pH-
stimulated redistribution of CTB-GM1 complexes wasthe caveolae entry pathway: the uncoated virus SV40,
which moves from the caveosome (a neutral pH endo- required for exit from the endosome and caveolin-inde-
pendent trafficking to the Golgi complex. The authorscytic compartment) to the ER to mediate infection, and
the binding subunit of cholera toxin (CT), which reaches proposed that CTB requires Rab5-dependent trafficking
to the endosome to reach a low pH compartment andthe Golgi complex in transit to the ER. Both bind to the
surface ganglioside GM1 and utilize caveolae, at least trigger release from the caveolar domains and subse-
quent trafficking. This implies that CTB at the cell surfacein part, as an entry pathway into the cell. While GM1 is
present over the entire cell surface, including clathrin- or in the neutral pH caveosome would be trapped in
caveolin-enriched domains. The caveosome in this casecoated pits, crosslinking of GM1, for example by the
multivalent cholera toxin, appears to cause more clus- would be a nonproductive “dead-end” pathway for CT.
Accumulation of CTB in this compartment might explaintering in caveolae (Parton, 1994). However, cholera toxin
is internalized by multiple pathways in most cell types the high level of colocalization of CTB and caveolin-1
observed when using low levels of cholera toxin and(Torgersen et al., 2001). Pelkmans and colleagues now
show that internalized SV40 and intracellular caveolin-1 short times of uptake, which would reduce CTB to below
the detection limit in other compartments. In contrast,both associate with caveosomes but also show signifi-
cant colocalization with Rab5 in transferrin-positive SV40 accumulation in endosomes would inhibit infec-
tion, as this requires caveosome to ER trafficking.early endosomes. This fraction was greatly increased
by expression of a dominant active Rab5 mutant. Within This study provides a powerful demonstration of the
advances in real-time imaging that now allow research-the limits of the light microscopic methods used, real-
time tracking of labeled caveolin-1 suggested that ca- ers to examine the sorting of membrane proteins and
the assembly of macromolecular complexes in real-timeveolae fuse directly with Rab5 endosomes and that this
is regulated by Rab5; endogenous caveolin association in the living cell. Rather than simply following single
molecules, whole assemblies of molecules and their bio-with the early endosome, but not the caveosome, was
reduced by Rab5 inhibition and increased by Rab5 acti- physical properties can be examined in situ, providing
glimpses of the incredible dynamics and plasticity ofvation. This is an important finding emphasizing the cen-
tral role of Rab5 in the regulation of a number of traffick- the membranous compartments of living cells. Of
course, there are still limitations to the interpretation ofing processes emanating from the plasma membrane
(Zerial and McBride, 2001; Schnatwinkel et al., 2004). the results, which must be kept in mind. For example,
the resolution of light microscopy, in the order of 200However, transport to the caveosome, the major desti-
nation of budded caveolae, appears to be Rab5 inde- nm, is much larger than the size of the individual caveolar
structures being studied (55 nm diameter). Neverthe-pendent.
Pelkmans and colleagues went on to show that the less, the study provides new insights into basic mecha-
nisms of sorting. The caveolin-enriched domain appearsCT binding subunit (CTB) is also internalized to the early
endosome, consistent with earlier studies (Singh et al., to be a relatively stable structure with which molecules
can associate in a regulated fashion. In this case, pH is2003), as well as to the caveosome. As CTB is subse-
quently transported to the Golgi complex but SV40 is regulating partitioning of CTB-GM1 complexes into the
caveolar domain on the endosome. This is a fundamen-not, this raised the question of where and how the sort-
ing of these two agents is achieved. The authors showed tally different mechanism to that involved in coat recruit-
ment, stabilization, and disassembly in the life of athat caveolin associates with distinct domains of the
early endosome, particularly evident in the enlarged en- coated vesicle (Figure 1; McMahon and Mills, 2004).
Naturally, the study raises many new questions. Whatdosomes produced upon expression of the dominant
active Rab5 mutant. In addition, the mobility of fluores- is the mechanism by which low pH stimulates redistribu-
tion of CTB-GM1 complexes but not SV40-GM1 com-cently labeled cargo complexes, as well as other endo-
somal proteins and lipid markers, could be analyzed by plexes? How is fusion of a budded caveola with the
endosome or with caveosomes regulated? Rab5 appar-photobleaching and following recovery of fluorescence.
The results were intriguing. Caveolin and SV40 coloca- ently regulates the former, but how is the target mem-
brane defined, and do the pathways to endosomes andlized in discrete domains of the early endosome and
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markers studied is not blocked by caveolin downregula-
tion (Nichols, 2002; Pelkmans et al., 2004). If caveolae
are absent under these conditions, then a distinct carrier
must be involved in the initial internalization step and
these carriers must still be able to recruit the machinery
required for subsequent targeting to caveosomes and
early endosomes. Some of the questions about caveolae
have been answered but many more still remain to be
tackled before we can understand the formation, func-
tion, and dynamics of this enigmatic structure.
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AustraliaSchematic model comparing caveolae- and clathrin-mediated en-
docytic processes. Clathrin-coated vesicles interact with early en-
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is the role of the caveosome in cellular function? Finally, Singh, R.D., Puri, V., Valiyaveettil, J.T., Marks, D.L., Bittman, R., and
questions remain regarding the role of caveolin in the Pagano, R.E. (2003). Mol. Biol. Cell 14, 3254–3265.
caveolae entry pathway. Intriguingly, the study shows Torgersen, M.L., Skretting, G., van Deurs, B., and Sandvig, K. (2001).
a role for caveolin in endosomal sorting but, despite the J. Cell Sci. 114, 3737–3747.
presumed requirement for caveolin as part of a concen- Zerial, M., and McBride, H. (2001). Nat. Rev. Mol. Cell Biol. 2,
107–117.trating device at the cell surface, endocytosis of the two
apoptosis, a variety of proapoptotic factors (e.g., cyto-Untangling the Web:
chrome c, smac/Diablo) that normally reside within theMitochondrial Fission mitochondrial intermembrane space are released into
the cytosol, where they bind to specific target proteins,and Apoptosis
activate caspases, and lead to cell demise (Danial and
Korsmeyer, 2004). During this release, mitochondria un-
dergo complex structural changes, including cristae re-
Mitochondria exist as an interconnected network that modeling and extensive fission. The exact mechanism
is constantly remodeled by balancing membrane fis- of mitochondrial remodeling during apoptosis is not
sion and fusion events. A new study by Szabadkai et completely understood, but recent evidence suggests
al. in the October 8th issue of Molecular Cell shows that some of the same proteins controlling mitochondrial
that dynamin-related protein 1 (Drp1)-induced scis- fission in healthy cells may be involved.
sion hinders the ability of mitochondria to transport Mitochondria work in partnership with the endoplas-
calcium across the cell and mediate apoptosis. mic reticulum (ER), the main intracellular Ca2 store, to
regulate Ca2 signals within the cell. Following agonist-
While best known as “cellular powerhouses,” mitochon- induced release of Ca2 from the ER through the inositol
dria orchestrate a number of essential functions in addi- trisphosphate (IP3) receptor, high Ca2 microdomains
tion to energy production in eukaryotic cells, most nota- (estimated to be in the 50–100 M range) are generated
bly apoptosis and calcium homeostasis. Pro- and at tight ER-mitochondrial junctions, activating mito-
antiapoptotic BCL-2 family members act as critical chondrial Ca2 uptake via the low-affinity mitochondrial
death regulators proximal to mitochondrial dysfunction Ca2 uniporter (Rizzuto et al., 1998). Mitochondrial Ca2
uptake regulates the shape and amplitude of cytosolicand irreversible cell damage. During the early stages of
